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Abstract 

We evaluated the effects of an activity schedule embedded within an iPad on varied play across 

applications. After establishing a pattern of repetitive gameplay, we taught three children with 

autism to follow the activity schedule using physical guidance. All participants increased their 

varied play to four applications per session and demonstrated independent and accurate activity 

schedule usage. The activity schedule was removed, and responding decreased to baseline levels, 

demonstrating the activity schedule’s control over varied responding. The activity schedule was 

reintroduced and participant responding maintained when engaging with novel applications. 

Keywords: activity schedule, autism, technology, variability 
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Using Activity Schedules to Promote Varied Application Use in Children with Autism 

A study by the Henry J. Kaiser Family Foundation (2010) found that children between 

the ages of 8 and 18 engage with digital media for over 7 hours per day. Mazurek, Shattuck, 

Wagner, and Cooper (2012) found that over 40% of adolescents with autism engage with 

computer games or electronic devices. Although some digital media is designed for 

entertainment, Kagohara et al. (2013) found that portable electronics, such as tablets, may 

improve spelling, mands for preferred items, and other academic and social skills among 

children with autism. However, given that repetitive behaviors are a core feature of autism 

spectrum disorder (American Psychiatric Association, 2013), it is possible that children with 

autism may engage in repetitive behaviors while using electronics, which may impede these 

educational and social benefits. Therefore, we investigated a strategy to assist children with 

autism in making functional use of time spent engaged with digital media.  

Electronic media, such as tablets, can be used to promote independent leisure behavior of 

individuals with autism. For example, Carlile, Reeve, Reeve, and DeBar (2013) documented that 

children with autism learned to use an activity schedule embedded within an iPod Touch to 

engage in independent leisure activities within a classroom (e.g., playing basketball and frisbee 

golf). Carlile et al. also assessed generalization to applications within the iPod Touch (e.g., 

listening to music and watching videos), and they observed on-task behavior with those 

applications. However, accuracy of independent activity schedule completion did not generalize 

for 3 of 4 participants. Therefore, the extent to which participants may be explicitly taught to 

accurately use an activity schedule to engage with applications embedded within the tablet itself 

is unclear. It is also unclear the extent to which activity schedule can promote independent 

behavior with applications with academic, instead of leisure, content.  
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There are a few potential benefits of embedding an activity schedule within a tablet. First, 

embedding an activity schedule within a tablet may reduce the reliance on instructor support for 

using that tablet. This may allow instructors to program electronic educational activities when 

that instructor is otherwise unavailable. Second, because activity schedules can be easily 

programmed, instructors can include multiple applications with academic content that may 

increase opportunities for reinforcement that may not arise during repetitive play of a single 

application. This may provide children with autism with additional opportunities to practice 

mastered skills, as well as opportunities to learn new skills targeted by applications. For 

example, if an instructor is targeting math skills, he or she could program an activity schedule 

with applications that target addition and subtraction (mastered skills) along with division and 

multiplication (skills currently being acquired).   

 To date, there have not been any published studies examining the use of activity 

schedules embedded within an iPad to facilitate engagement with and varied responding between 

applications within that iPad. Therefore, we assessed the effects of an activity schedule 

embedded within an iPad on the varied use of iPad applications in children with autism. We 

measured the number of varied applications that each participant interacted with and evaluated 

the accuracy of activity schedule use. We also evaluated the effects of the activity schedule on 

promoting varied play between novel applications. 

Method 

Participants and Setting 

 Mark (4 years old), Jack (9 years old), and Gwenn (6 years old) had primary diagnoses of 

autism and attended a behavior-analytic clinic for children with autism. All participants had 

previous experience using iPads, and they did not have experience with the applications used in 
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this study except for YouTube. All participants were observed to engage in repetitive play with 

iPad applications. Mark and Gwenn had no prior history with activity schedules, but Jack had 

previous experience with printed photographic activity schedules. All research sessions took 

place in a small conference room and one research session was conducted per day.  

Materials  

Seven applications were identified for all three participants and downloaded to an Apple 

iPad. Six applications were games that consisted of coloring, puzzles, basic math, and sorting 

tasks. Applications were chosen because participants had mastered skills targeted in the games 

and instructors indicated those skills would be beneficial to practice on an application. A seventh 

application, YouTube, was used as a preferred activity for each participant at the end of the 

activity schedule. We interviewed each participant’s instructor to identify preferred YouTube 

videos for each participant. Before the beginning of the study, we observed each participant 

engaging with each application to verify he or she could use the application independently.  

The activity schedule was made with the iPad application Keynote (Version 2.5.3; Apple, 

Inc., 2015), which is presentation software similar to Power Point. We created six pages within 

Keynote. To personalize each activity schedule, the first page contained the participant’s name. 

The second through fourth pages each contained pictures of a timer application and one of three 

target applications sized to approximately 250 x 250 pixels. These pages were arranged in a 

random order before the beginning of each session. The fifth page contained pictures of a timer 

application and the YouTube application. The sixth page contained the words the end. 

Measurement 

 All sessions were video recorded and reviewed later to measure the following dependent 

variables. We counted the number of varied applications the participant engaged in each session. 
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An application was defined as varied if it had not previously been opened during that session and 

was open for at least 15 s. During the teaching and no-schedule probe conditions, an application 

was not considered as varied unless it remained open for the duration of the play period 

(approximately 2 min) without researcher prompting. We did not score an application as varied if 

the participant opened the Keynote and timer applications, as they were considered components 

of the activity schedule. Applications available on the iPad but not included in the activity 

schedule (e.g., e-mail) were also excluded. However, participants never opened an application 

that was not directly part of the activity schedule.  

When the activity schedule was present during the schedule probe, teaching, and novel 

applications assessment conditions, we measured the percentage of correct responses to the 

activity schedule. The steps to complete the activity schedule consisted of the following 

sequence: open Keynote, select the first page, close Keynote, open the timer application, start the 

timer, close the timer application, open the first application, play with the application until the 

timer signaled the end of the play period (approximately 2 min), close the timer, close the 

application, open Keynote, and select the next page. This process repeated three additional times, 

for a total of four applications (Sorting #1, Puzzle #1, Coloring Book, and YouTube). After 

closing out of the fourth application (i.e., YouTube), we taught the participant to independently 

open Keynote, select the last page, and then lock the iPad. The sequence consisted of 43 discrete 

responses in total. Each response was scored as correct if it occurred independently and within 5 

s of the previous response and if the application was open for the duration of the play period 

(approximately 2 min). We calculated the percentage of correct response by dividing the total 

number of correct responses by 43, and then multiplying it by 100 to yield a percentage. 
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 A second observer collected data on each dependent measure for at least 30% of sessions 

in each condition for each participant. Interobserver agreement (IOA) for each session was 

calculated by dividing the number of agreements by the number of agreements plus 

disagreements and multiplying by 100. IOA was 100% for number of varied applications for all 

three participants. IOA for activity schedule use was 95% (range, 91%-100%) for Mark, 100% 

for Jack, and 99.5% (range, 98%-100%) for Gwenn. 

 We collected treatment fidelity data for at least 30% of sessions in each condition for 

each participant. For example, during the teaching and novel application assessment conditions, 

a second observer scored whether or not the applications and activity schedule pages were 

displayed in an order different than the previous session, whether error correction was 

implemented only after the participant made an error, whether the researcher said “Go play” at 

the beginning of the session, and whether the activity schedule was located in the top left corner 

of the iPad screen. A complete list of treatment fidelity components can be obtained from the 

first author. We calculated treatment fidelity by dividing the number of occurrences of fidelity by 

the number of occurrences plus nonoccurrences and multiplying by 100. Treatment fidelity was 

100% for Mark, 99% (range, 88%-100%) for Jack, and 97% (range, 60%-100%) for Gwenn. 

Procedure 

Consistent with prior research on activity schedules (e.g., Brodhead, Higbee, Pollard, 

Akers, & Gerencser, 2014), we pre-taught prerequisite skills for using the activity schedule prior 

to the beginning of the study. The purposes of this were to ensure participants had the necessary 

prerequisite skills to use the schedule, and to ensure that lack of varied application use and poor 

schedule performance during the baseline and schedule probe would not occur due to a deficit in 

prerequisite skills. Specifically, we taught each participant to match pictures to applications and 
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to close an application when a timer signaled the end of a play period. To teach picture-to-

application matching in Keynote, we showed each participant a picture that depicted one of the 

four applications used in the teaching condition. A correct response was scored if the participant 

independently closed Keynote and opened that application. If the participant selected the 

incorrect application or did not close out of Keynote, we physically guided the participant to 

engage in a correct response. This continued until each participant scored 80% or better across 

two separate sessions for each application. To teach participants to close out of an application 

after a timer signaled the end of the play period, we set the timer application at 1 min, opened 

one of the four applications used in the teaching condition, and placed the iPad in front of the 

participant. We chose 1 min, instead of the 2 min used in the teaching and novel application 

assessment, to increase the number of trials we could conduct in a given preteaching session. A 

correct response was scored if the participant independently closed out of the application after 1 

min elapsed. If the participant did not close out of the application after 1 min elapsed, we 

physically guided him or her to do so. This continued until each participant scored 80% or better 

across two separate sessions for each application. 

We used a nonconcurrent multiple baseline across participants with an embedded reversal 

design to evaluate the effects of the activity schedule on participant responding. During all 

conditions, seven applications were always available on the iPad home screen: Sorting #1, 

Sorting #2, Puzzle #1, Puzzle #2, Coloring Book, Math Problems, and YouTube. Keynote and 

the timer applications were available to the participant only during the activity schedule probe, 

teaching, and novel application assessment conditions. During all sessions, applications that were 

not directly relevant to the study (e.g., the e-mail application) were removed from the iPad home 

screen. 
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Baseline 

 Each session began with an instruction to vary between applications (e.g., “You can play 

with the puzzle, the coloring book, the sorting program, and then you can watch YouTube”). The 

order of applications was stated differently each time, though YouTube was always last. No 

prompts were provided, and the activity schedule was not available. Baseline sessions lasted for 

10 min. The purpose of this condition was to measure the number of varied applications each 

participant engaged with prior to the introduction of the activity schedule. 

Activity Schedule Probe 

 Each session began with the instruction “Go play.” The activity schedule was available. 

The purpose of this probe condition was to evaluate whether the activity schedule had any 

differential effects on participant responding prior to teaching. Otherwise, this condition was 

identical to baseline. 

Teaching 

 We taught each participant to engage in the sequence of schedule-following behaviors, 

described above, using manual guidance. Manual guidance was used because, though 

participants had the necessary prerequisite skills to use the schedule, they did not accurately use 

it during the previous condition. Before the beginning of each session, we randomized the 

location of each application on the iPad screen. However, the Keynote and the timer application 

always remained in the top left corner of the iPad screen. The activity schedule itself was visible 

only when Keynote was open and was not visible when participants engaged with applications. 

The activity schedule included four applications (i.e., Sorting #1, Puzzle #1, Coloring Book, and 

YouTube). We randomized the order of applications within the activity schedule, but the 

YouTube application was always last to serve as a putative reinforcer for schedule following. To 
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teach activity schedule use, we provided hand-over-hand physical guidance for all responses 

during the first activity (application) of the first teaching session. Otherwise, if an error occurred, 

we prompted the learner to go back to the previous response, and guided him to engage in that 

activity and the following response. The participant was then given another opportunity to 

respond independently. For example, if a participant opened Keynote and selected the incorrect 

page in the activity schedule, the researcher closed Keynote, then physically guided the 

participant to open Keynote and select the correct page. At that point, physical guidance was 

removed and the participant was given an opportunity to respond independently. 

Because we attempted to replicate a situation in which a child would independently 

engage with the iPad without help from an instructor, the researcher did not provide any vocal 

praise or tangible reinforcement during the teaching sessions. However, we did include 

YouTube, which was a presumed preferred activity, at the end of the activity schedule. We 

hypothesized that YouTube would serve as a reinforcer for completing the previous three 

activities within the schedule. 

No-schedule Probe 

 This condition resembled that of baseline. The purpose of this condition was to serve as a 

brief reversal to evaluate experimental control of the activity schedule over varied application 

use.  

Novel Application Assessment 

 This condition resembled that of teaching, except that three new applications, Sorting #2, 

Puzzle #2, and Math Problems, replaced the three applications used during the teaching 

condition. YouTube remained as the fourth application. The purpose of this condition was to 
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examine if accurate and varied participant responding occurred in the presence of novel 

applications. 

Results and Discussion 

 All three participants engaged with one application during baseline and the activity 

schedule probe conditions (Figure 1). Because participants did not accurately use the activity 

schedule during the activity schedule probe, it is likely that our preteaching procedures did not 

affect participant responding. During the teaching condition, responding increased to four varied 

applications per session for each participant. Each participant always engaged with each 

application until the timer elapsed. Percentage of correct and independent responses for the 

activity schedule increased to above 80% for all three participants. During the no-schedule 

probe, the number of varied applications decreased to baseline levels. When the activity schedule 

was reintroduced during the novel applications assessment, responding increased to four varied 

applications per session for each participant. The percentage of correct responses to the activity 

schedule for all participants was above 90%, with both Mark and Gwenn demonstrating 100% 

accuracy for three of the five sessions.  

 This study extends the existing research on activity schedules with children with autism 

(Carlile et al., 2013) by demonstrating that an activity schedule can be presented on an iPad to 

increase engagement with a variety of iPad applications. Given the amount of time that 

individuals with autism engage with electronic devices (Mazurek, Shattuck, Wagner, & Cooper, 

2012), and the increasing trend in the use of electronic devices (Kagohara et al., 2013), this 

research is timely and has practical implications as it provides one strategy to increase varied use 

of iPad applications.  
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One limitation of this study is that the activity schedule was not faded. Future research 

should evaluate strategies for fading activity schedules. This could be done by fading the size or 

saliency of visual stimuli. Additionally, although all participants engaged with the applications 

for the entire duration of the timer intervals, we did not measure accuracy of application usage 

(e.g., we did not measure if they accurately responded to math problems) or whether application 

use yielded generalized skills. Future studies might incorporate measures of accuracy and 

generalization tests to determine the potential educational benefits of application use (e.g., 

maintenance of mastered skills or acquisition of new skills). Additionally, it would be interesting 

to determine if other strategies, such as lag schedules (Brodhead, Higbee, Gerencser, & Akers, 

2016; Cammilleri & Hanley, 2005; Contreras & Betz, 2016) or multiple exemplar training 

(Bergstrom, Najdowski, Alvarado, & Tarbox, 2016; Najdowski, Bergstrom, Tarbox, & St. Clair, 

2017), will also promote varied responding among applications. Such refinements may further 

inform the practical use of technology for children with autism.  

Observations of participant engagement suggest that the inherent visual and auditory 

stimuli associated with each electronic application may have at least partially reinforced 

participant responding (e.g., participants appeared to look at the visual stimuli of the 

applications). However, we did not conduct a reinforcer assessment of these stimuli or of the 

YouTube application. Future examination of the behavioral mechanisms responsible for 

continued engagement with electronic applications may inform both the development of and 

instructor choice of applications for children with autism. Future research might also examine the 

social validity of procedures designed to promote variability between applications. We believe 

the set up and implementation of the schedule via Keynote was relatively easy and could be 

implemented by a teacher or parent, but we did not collect social validity data to confirm this. 
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Though all participants showed high levels of activity schedule accuracy, Martin and 

Gwenn demonstrated greater accuracy during the novel applications assessment. The exact 

reasons for this finding are unknown. However, it is possible that introducing novel applications 

increased independent responding because the novel applications were more preferred. Future 

researchers may examine the role of preference for and choice of applications in activity 

schedule usage and application engagement. It should also be noted that, during baseline and the 

no-schedule probe, we provided an explicit instruction for participants to vary their application 

play, whereas in the remaining conditions, we instructed participants to “go play.” It is possible 

that the differences in instructional statements may have affected responding. Future research 

should use consistent instructions across conditions. Finally, the length of engagement within 

each application was limited to 2 min. Future researchers may consider teaching participants to 

program varying lengths of time for each application, as length of engagement may partially 

depend on the type of application. In summary, this study extends the research on activity 

schedules by demonstrating that activity schedules embedded within an iPad promote 

independence and varied application use among children with autism.  
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Figure 1. Results for Mark, Jack, and Gwenn. BL = baseline; N.S. = no-schedule probe.  

draft




